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(57) Flatness of a gain (optical output level) is main- 
tained even when wavelength-division-multiplexed sig- 
nal light (WDM signal light) is optically amplified utilizing 
a Raman amplification function. The optical amplifier 
comprises: two (first and second) pumping light sources 
for Raman amplification for outputting first and second 
pumping lights; wavelength multiplexers for Raman am- 
plification for allowing the first and second pumping 
lights to be incident on optical fiber transmission paths, 
where the WDM signal light propagates, in the direction 
opposite to the propagation direction of the signal light. 
The signal lights are Raman-amplified by the pumping 



lights. A wavelength of the first pumping light is set such 
that the gain of the Raman -amplified signal light de- 
clines in one direction, and, on the other side, the wave- 
length of the second pumping light is set. such that the 
gain declines in the other direction. Gradients for show- 
ing a relation between the wavelength and the gain in 
Raman amplification by the first and second pumping 
lights are made to be in opposite directions from each 
other. Optical output levels and the wavelengths of the 
first and second pumping lights are set such that the 
gains for the signal lights included In the Raman-ampli- 
fied WDM signal light become substantially equal to one 
another. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to an optical am- 
plifier that amplifies a signal light based on a Raman am- 
plification function, and to an optical amplifying repeater 
and an optical transmission apparatus that are consti- 
tuted by using the optical amplifier. More particularly, the * 
present invention relates to an optical amplifier that am- 
plifies collective signal light, which signal light has a plu- 
rality of different wavelengths which are wavelength-di- 
vision-multiplexed (hereinafter referred to as WDM sig- 
nal light), and to an optical amplifier that Includes a flat- 
tening gain function for each signal light. 

Description of the Related Art 

[0002] It is known that a Raman amplification function 
is generated by allowing a pumping light having a spec- 
ified wavelength to be incident on a signal light that prop- 
agates in an optical fiber transmission path, and that 
thereby an optical amplification of the signal light can be 
pertomied (for example, refer to Japanese Patent Lald- 
Open No. 10/022931 (1998 Gazette). The optical am- 
plificatidn by Raman amplification is performed by al- 
lowing the pumping light having the specified wave- 
length to be incident on the optical fiber transmission 
path in an opposite direction to a progress direction of 
the signal light that propagates in the optical fiber trans- 
mission path. 

[0003] The optical amplification utilizing a Raman am- 
plification function could be utilized independently. How- 
ever, in most cases, It is normally used in combination 
with optical amplification which has a rare-earth -ele- 
ment-doped optical fiber as an amplification medium 
(hereinafter referred to as norma! optical amplification). 
In an optical amplifying repeater arranged midway or at 
an output end of an optical fiber transmission path, and 
in a front optical amplifier arranged within an optical re- 
ception terminal station, pumping light for performing 
Raman amplification is used with the normal optical am- 
plification to improve the gain. 

[0004] However, when the optical amplification is per- 
formed on the WDM signal light by a Raman amplifica- 
tion function, a difference (deviation) occurs in optical 
output levels of each signal light included in the WDM 
signal light after the optical amplification, since the gain 
of Raman amplification has a wavelength dependency. 
With regard to the difference of the optical output level, 
the differences are added in the multi-step optical am- 
plification and repeating transmission system, resulting 
in large Influences to a transmission characteristic. 
[0005] Generally, an output-wavelength characteris- 
tic of the optical amplifier as described above is de- 
signed in a state such that the WDM signal light to be 



input does not have the wavelength deviation in the op- 
tical output level. However, the WDM signal light, on 
which the optical amplification was performed by a Ra- 
man amplification function generated in the optical fiber 
: 5 transmissibn path connected to an input portion of the 
optical amp.lifier, further undergoes the normal optical 
amplification. Therefore,, at the time when the WDM sig- 
nal light is inpijt to the optical amplifier, when the devi- 
ation exists in optical input levels among the signal lights 
10, included in the WDM signal light, the deviation is further 
Increased by the normal optical ambHfication. As a re- 
sult, a desired output wavelength characteristic cannot 
be obtained. 

[0006] The gain by Raman amplification varies de- 
is pending on the wavelength of signal light havirig wave- 
length dependency, and the wavelength dependency it- 
self is dependent on the wavelength of a pumping light 
source. Accordingly, there is a problem of difficulties in 
controlling the wavelength characteristic of the signal 
20 light uniformly, due to scattering of the wavelength at the 
time of manufacturing the pumping light source, wave- 
length fluctuation according to difference in pumping 
light intensity, the temperature at which the pumping 
light source Is used, and other factors. 
25 ' 

SUMMARY OF THE INVENTION 

[0007] The object of the preferred embodiments of the 
present invention is to maintain unifomiity in the gain 

30 even when the .optical amplification is performed .on 
WDM signal light by. optical amplification utilizing a Ra- 
man amplification function. Moreover, another object is 
to make the optical output level of each signal included 
in the WDM signal light uniform. 

35 [0008] Theobjectofthepreferredembodimentsofthe 
optical transmission apparatus of the present invention 
is to perform a stable optical transmission such that a 
large deviation does not occur in the optical outputlevel 
of each signal light, even in the case when signal light 

-^0 is transmitted. 

[0009] The optical amplifier of the present invention 
comprises : a first pumping light source for Raman am- 
plification, which outputs a first pumping light having a 
first wavelength; a second pumping light source for Ra- 

^5 man amplification, which outputs a second pumping 
light having a second wavelength; and,a wavelength 
multiplexer for Raman amplification, which allows the 
first and second pumping lights to be incident on the op- 
tical fiber transmission path where the signal light prop- 

50 agates. The signal light is Raman-amplified in the optical 
fiber transmission path by the first and second pumping 
lights. A propagation direction of the first and second 
pumping lights may be backward or may be forward (the 
same direction) to that of the signal lights. 

55 [0010] Although the signal light may be applied to a 
single signal light, it is, specifically, the WDM signal light, 
in which the signal lights having a plurality of wave- 
lengths different from each other are wavelength-divi- 
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sion-multiplexed. In other words, the optical amplrfler of 
the present invention, with regard to the punnping light 
for performing Raman amplification, allows two pump- 
ing lights having the wavelengths different from each 
other to be incident on the optical transmission path. 
[001 1 ] I n the above-described constitution , to reduce 
the influence on the WDM signal light from the wave- 
length dependency of the gain, which occurs when op- 
tical amplification by Raman amplification is performed, 
the first wavelength is the wavelength to allow the signal 
light to be Raman -amplified such that the wavelength 
having the peak gain by Raman amplification becomes 
shorter than the wavelength of the signal light included 
in the WDM signal light. On the other hand, the second 
wavelength is the wavelength to allow the signal light to 
be Raman amplified such that the wavelength having 
the peak gain by Raman amplification becomes longer 
than the wavelength of the signal light included in the 
WDM signal light. 

[0012] Herein, a gradient showing the relation be- 
tween the wavelength and the gain in Raman amplifica- 
tion by the first pumping light and a gradient showing 
the relation between the wavelength and the gain in Ra- 
man amplification by the second pumping light are in 
opposite directions from each other. The optical output 
level and the wavelength of the first and second pump- 
ing lights are respectively set such that the gains for sig- 
nal lights included in the WDM signal light, on which Ra- 
man amplification was performed by the first and second 
pumping lights, become substantially equal to each oth- 
er. 

[0013] In the above-described constitution, the first 
and second pumping light sources for Raman amplifica- 
tion can be constituted of: first and second laser diodes 
that oscillate first and second lights respectively; and 
first and second fiber gratings, which are arranged in a 
previous step of the first and second laser diodes, that 
selectively transmit the lights having the first and second 
wavelengths in a specified ratio and reflect residual light. 
Alternatively, the first and second pumping light sources 
for Raman amplification can be also constituted of: the 
first and second laser diodes that oscillate the first and 
second lights respectively; and first and second optical 
filters, which are arranged in a previous step of the first 
and second laser diodes, that selectively transmit the 
lights having the first and second wavelengths. 
[0014] The wavelength multiplexer in the optical am- 
plifier for Raman amplification of the present invention, 
more particularly, can be constituted of: first and second 
pumping light multiplexers for Raman amplification, 
which are arranged by connecting to an optical fiber con- 
nected to the optical fiber transmission path, that trans- 
mit the signal light and allow the first and second pump- 
ing lights to be incident on the optical fiber. Altematively, 
the wavelength multiplexer can be constituted of: a 
pumping, light multiplexer for Raman amplification, 
which multiplexes the first and second pumping lights 
and outputs a multiplexed pumping light; and a pumping 



light multiplexer for Raman amplification, which is ar- 
ranged by connecting to the optical fiber connected to 
the optical fiber transmission path , that transmits the sig- 
nal light and allows the multiplexed pumping light to be 
5 incident oh the optical fiber Moreover, the wavelength 
multiplexer. can be also constituted of: a polarization 
combiner for Rarrian amplification; and a pumping light 
multiplexer for Raman amplification. The former per- 
forms the polarization combination of the first and sec- 
10. ond pumping lights arid outputs the multiplexed pump- 
ing light, where the first and second pumping lights, 
which are respectively output from the first and second 
pumping light sources for Raman amplification, are per- 
pendicular to each other, that is, in a polarization state. 
IS The latter, which is arranged by connecting to the optical 
fiber connected to the optical fiber transmission path, 
transmits the signal light and allows the multiplexed 
pumping light to be incident on the optical fiber. 
[001 5] For the purpose of improving uniformity of the 
gain of the signal light included in the WDM signal light 
or the optical output level itself, a constitution can be 
adopted where a feedback control is performed to the 
optical amplification by Raman amplification function, 
which is obtained by the above-described constitution. 
Specifically, in addition to the above-described consti- 
tution, the wavelength multiplexer is further allowed to 
comprise: an optical splitter for splitting a part of the 
WDM signal light and outputs the split WDM signal light; 
signal light extractor to extract two signal* lights, which 
have the wavelengths different from each pther, from 
each signal light included in the split WDM signal light; 
an optical receiver to detect the optical output level of 
each of the two signal lights extracted by the signal light 
extractor; and a pumping light output control circuit for 
controlling the optical output levels or the wavelengths 
of the first and second pumping tights for Raman ampli- 
fication according to the amount of difference between 
the two optical output levels. 

[001 6] Although the above-described optical amplifier 
of the present invention has an independent optteal am- 
plification function only by Raman amplification function, 
it can be also used in combination with the normal opti- 
cal amplification function, in which the optical amplifica- 
tion is performed by using the rare-earth element doped 
optical fiber (for example, an erbium doped fiber) as the 
amplification medium. Specifically, in the above-de- 
scribed optical amplifier, the optical amplification by Ra- 
man amplification and the normal optical amplification 
are used in combination by further comprising: an am- 
plification medium for amplifying the signal light; a third 
pumping light source for outputting a third pumping light 
to allow the amplification medium to be in an excited 
state; and a wavelength multiplexer for allowing the third 
pumping light to be incident on the amplification medi- 
um. 

[0017] The wavelength multiplexer in such a constitu- 
tion may be arranged at a position from which the signal 
light is input to the amplification medium, and the third 
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pumping light may be allowed to be incident on the am- 
plification medium in the same direction as the propa- 
gation direction of the signal light. Alternatively, the 
wavelength multiplexer may be arranged at an output' 
side of the amplification medium from which the signal 
light is output, and the third pumping light is allowed to 
be incident on the amplification medium in the opposite 
direction to the propagation direction of the signal light. 
On the side to which the signal light of the wavelength, 
multiplexer for Raman amplification is output, an optical 
isolator may be arranged, which selectively transmits 
only the light propagating to the same direction as that 
of the signal light and obstructs the light propagating in 
the opposite direction. According to such constitution, a 
reflected returning light or the Influence by the pumping 
light for Raman amplification, which comes from the op- 
tical amplifier arranged in a subsequent step, is re- 
duced, thus more stable optical amplification can be per- 
formed. 

[001 8] The constitution of the feedback control for the 
purpose of obtaining unifomiity of the gain of the signal 
light included in the WDM signal light or of the optical 
output level itself can be also applied to the constitution 
where the normal optical amplification Is used In combi- 
nation. Specifically, in addition to the above-described 
constitution, the optical amplifier is further allowed to 
comprise: the optical splitter for splitting a part of the 
WDM signal light and outputs the split WDM signal light; 
the signal light extractor to extract two signal lights, 
which have the wavelengths different from each other, 
from each signal light Included. In the split WDM signal 
light; the optical receiver for detecting the optical output 
level of each of the two signal lights extracted by the 
signal light extractor; and the pumping light output con- 
trol circuit for controlling the optical output levels or the 
wavelengths of the first and second pumping lights for 
Raman amplification according to the amount of differ- 
ence between the two optical output levels. 
[0019] The optical splitter may be arranged at a posi- 
tion from which the WDM signal light is Input to the wave- 
length multiplexer for Raman amplification. Alternative- 
ly, the optical splitter may be arranged at a position to 
which the WDM signal light is output from the wave- 
length multiplexer for Raman amplification. In the case 
of the former constitution, the feedback control is per- 
formed intended for the flatness of the WDM signal light 
immediate before it is input to the optical amplifier. On 
the other hand, in the case of the latter constitution, the 
feedback control is performed intended for the uniform- 
ity of the WDM signal light after the optical amplification. 
[0020] The optical amplifying repeaters of the present 
invention are arranged midway of upper and lower lines, 
and perform optical repeating and amplification for the 
signal lights propagating in each direction. As a basic 
constitution, the above-described optical amplifying re- 
peaters are constituted to be arranged in each of the 
upper and lower lines. Specifically, the optical amplifying 
repeater is the one that comprises: the optical amplifier 



for a down sigjnal, which Is arranged In the optical trans- 
. mission path for the down signal; and the optical ampli- 
fier for an up signal, which is arranged in the optical 
transmission path for the up signal. The optical ampiifi- 

5 ers for down aind up signals comprise the optical ampli- 
fiers of the present invention as described above. 
[0021] In the above-described constitution, two of the 
■ punriping ligtht sources for Raman amplification may be 
provided for each of the upper and lower lines. For more 

10 efficient. constitution, the first pumping light source for 
R^man amplification, which is provided in the optical 
amplifier for the down signal and the first pumping light 
source for Raman amplification, which is provided in the 
optical amplifier for the up signal use a common first 

IS pumping light source for Raman amplification. And, the 
second pumping light source for Raman amplification, 
which is provided in the optical amplifier for the down 
signal and the second pumping light source for Raman 
arhplification, which is provided in the optical amplifier 

20 for the up signal use a common second pumping light 
source for Raman amplification. The first and second 
pumping lights for Raman amplification output from the 
common first and second pumping light sources for Ra- 
man amplification may be coupled and split by an optical 

25 coupler, and then the split lights may be respectively out- 
put to the wavelength multiplexer for Raman amplifica- 
tion, which is provided in the optical amplifier for the 
dovyn signal and to the wavelength multiplexer for Ra- 
man amplification, which is provided in the optical am- 

30 pllfierforthe up signal. Such a constitution can be adopt- 
ed in the case of the optical amplification perfonried In- 
dependently by Raman amplification as well as in the 
case where the nomial optical amplification is used in 
combination. 

35 [0022] In the constitution where the normal optical 
amplification is used in combination, the optical amplifi- 
ers for the down and up signals further respectively com- 
prise fourth pumping light sources for outputting a fourth 
pumping light to allow the amplifbation medium to be in 

40 the excited state. The third pumping light source provid- 
ed in the optical amplifier for the down signal and the 
third pumping light source provided in the optical ampli- 
fier for the up signal are made to be a common third 
pumping light source. The fourth pumping light source 

45 provided in the optical amplifier for the down signal and 
the fourth pumping light source provided in the optical 
amplifier for the up signal are made to be a common 
fourth pumping light source. The third pumping light out- 
put from the common third pumping light source and the 

50 fourth pumping light output from the common fourth 
pumping light source are coupled and split by an optical 
splitting coupler, and the split lights may be respectively 
output to the wavelength multiplexers provided in the 
optical amplifiers for the down and up signals. 

55 [0023] The WDM signal light transmission apparatus 
of the present invention comprises: an optical transmis- 
sion terminal station for wavelength division multiplex- 
ing a plurality of signal lights having the wavelengths 
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of the optical amplifier shown in Frg. 1 ; 
Fig. 5 is a view exemplifying a constitution of the 
■ pumping light for Raman amplification that is per- 
fomned in the optical amplifier of the present inven- 
5 ^ . tion; ■ 

Fig. 6 is a view exemplifying another coristitution of 
the purnping light for Raman amplification that is 
performed in the optical amplifier of the present in- 
, ventioh; 

10 Fig; ,7 is a view showing the constitution of a second 
. " . embodiment of the optical amplifier of the present 
.invention; 

Fig. 8 is a view showing the constitution of a third 
embodiment of the optical amplifier of the present 
IS invention; 

Fig. 9 is a view showing the constitution of a fourth 
embodiment of the optical amplifier of the present 
inventioh; 

■ Fig. 10 is a view showing the constitution of a-fifth 
20 embodiment of the optical amplifier of the present 
invention; 

Fig"; 11 is a view showing the constitution of a first 
embodiment of the optical amplification repeater of 
the present invention; 
25 Fig. 12 is a view showing the constitution of a sec- 
ond embodiment of the optical amplification repeat- 
er of the present invention; 

Fig. 13 is a view showing the constitution of a third 
embodiment of the optical amplification repeater of 

30 the present invention; 

Fig. 14'is a view showing the constitution of a first 
embodiment of the WDM light signal transmission 
apparatus of the present invention; and, 
Fig. 15 is a view showing the constitution of a sec- 

35 ond embodiment of the WDM light signal transmis- 
sion apparatus of the present invention. 



different from each other and for sending out the WDM 
signal light; the optical fiber transmission path for prop- 
agating the WDM signal light; an optical receiving ter- 
minal station for receiving the WDM signal light; and the • 
optical amplifier of the present invention, which is ar- 
ranged midway of the optical transmission path to re- 
peat and amplify the WDM signal light. 
[0024] Similarly, the WDM signal light transmission 
apparatus, which has the upper and lower lines, for. 
transmitting the WDM signal tight in both directions com- 
prises: the optical transmission' terminal station for 
wavelength division rihultiplexing a plurality of down sig- 
nal lights having the wavelengths different from each 
other and for sending out a down WDM signal light; the 
optical fiber trans.mission path for the down signal light 
for propagating the down WDM signal light; the optical 
receiving terminal station for the down signal light for 
receiving the down WDM signal light; the optical trans- 
mission temninal station for wavelength division multi- 
plexing a plurality of up signal lights having the wave- 
lengths different from each other and for sendinjg out an 
up WDM signal light,; the optical fiber transmission path 
for the up signal light for propagating the up WDM signal 
light; the optical receiving terminal station for the up sig- 
nal light for receiving the up WDM signal light; and the 
optical amplifiers of the present Invention, which are ar- 
ranged midway of the up and down optical transmission 
paths to repeat and amplify the up and down WDM sig- 
nal lights. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] Preferred features of the present invention will 
now be described, by way of example only, with refer- 
ence to the accompanying drawings, in which :- 

Fig. 1 is a view showing a constitution of a first em- 
bodiment of the optical amplifier of the present in- 
vention; 

Fig. 2 is a graph for explaining a fundamental prin- 
ciple of the optical amplifier of the present invention, 
which shows a relation between wavelength and 
gain in Raman amplification. 
Figs. 3A, SB, 3C and 3D are graphs for explaining 
the fundamental principle of the optical amplifier of 
the present invention, and show a relationship be- 
tween wavelength and an output level of WDM sig- 
nal light in Raman amplification; Fig. 3A is a graph 
showing a relationship between the wavelength and 
output level of the WDM signal light before Raman 
amplification, Figs. 3B and 3C shown relationships 
between the wavelength and output level of the 
WDM signal light when an independent Raman am- 
plification is performed, and Fig. 3D shows a final 
relationship between the wavelength and output 
level of the WDM signal light; 
Fig. 4 Is a view showing the first embodiment of the 
present invention, which shows a variation example 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

40 

[0026] Next, embodiments of the optical amplifier of 
the present invention will be described in detail with ref- 
erence to the drawings. 

[0027] Fig. 1 is a view showing the constitution of the 
45 first embodiment of the optical amplifier of the present 
invention, which shows the fundamental principle of the 
optical amplifier of the present invention. The optical 
amplifier of the present invention comprises two pump- 
ing light sources 4 and 5 for outputting pumping lights, 
50 which have wavelengths to perform Raman amplifica- 
tion on the signal light propagating in an optical fiber 
transmission path 1 . 

[0028] The pumping lights output from each of the 
pumping light sources 4 and 5 are allowed to be incident 
55 on the optical fiber transmission path by wavelength 
multiplexers 2 and 3 arranged at an output end or the 
midway of the optical fiber transmission path 1 in the 
direction (the direction shown by arrows in broken lines) 
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opposite to a propagation direction (the direction shown 
by arrows.in solid lines) of the signal light (the WDM sig- 
nal light) . In the optical amplifier of the present inven^ 
tion. the signal light is Raman amplified by the pumping 
lights respectively output from the above-described 
pumping light sources. 

[0029] Herein/description will be made for reduction 
of influence by the wavelength dependency of the gain 
. in Raman amplification by the optical amplifier of the 
present invention,. that is, principle and function of flat- 
tening of the optical output level. The present Invention* 
Is based on assumption of the following findings. The 
gain in Raman amplification has the wavelength de- 
pendency, and is characterized in that a peak gain oc- 
curs at the wavelength which is longer than that of the 
pumping light by a specified amount of wavelength (ap- 
proximately 1 00 to 120nm) and gradually reducing at the 
wavelengths which are longer or shorter than that of the 
peak gain. This characteristic was confirmed in experi- 
ment or the like, and Fig. 2 schematically shows the re- 
lation between the wavelength and the gain by Raman 
amplification. ♦ 

[0030] Assuming that the peak gain occurs at the 
wavelengths longer than that of the pumping light by ap- 
proximately 80 to 1 1 0nm, when the signal light is Raman 
amplified by the pumping light having the wavelength X 
0 - 90nm, the gain is characterized in that its peak occurs 
atthe Wavelength XO as indicated in Fig. 2 and gradually 
reduces as the wavelength goes off X 0. Accordingly, the 
highest gain can be obtained by allowing the signal light 
to be Raman amplified by the pumping light having the 
wavelength shorter than the wavelength (hereinafter re- 
ferred to as 'a center wavelength'), which is substantially 
the center of a wavelength range of the signal light in- 
cluded in the WDM signal light, by approximately 90nm. 
[0031] However, when such Raman amplification is 
performed, in the case where the number of the signal 
lights included in the WDM signal light is large (for ex- 
ample, 32 waves) and the above-described wavelength 
region is wide, a large deviation occurs between the 
gains of the signal light in the vicinity of the central por- 
tion where the peak gain is obtained and the gains of 
the signal light in an edge portion of the wavelength 
range. 

[0032] Therefore, in the optical amplifier of the 
present invention, Raman amplification is made to occur 
by two pumping lights, which are first and second pump- 
ing lights. The first pumping light has a first wavelength 
set such that the wavelength, at which the peak gain by 
Raman amplification occurs, becomes shorter than the 
center wavelength of the WDM signal light, and the sec- 
ond pumping light, on the contrary, has a second wave- 
length set such that the wavelength becomes longer 
than the center wavelength. 

[0033] Description is now made with reference to Fig. 
2. By the.first pumping light, the WDM signal light is Ra- 
man amplified with the gain characteristic shown by the 
wavelength range A2. On the other hand, by the second 



pumping light, the WDM signal light is Raman amplified 
with the gain characteristic shown by the wavelength 
range A1 . In other words, the signal light is Raman am- 
plified by each of the first and second pumping lights 
5 such that the gains have the gradients in specific direc- 
tions (declining in the right and left directions) . As a re- 
sult of Raman arnplification by the both pumping lights, 
the gairi is made to be flat. 

[0034] . Figs. 3A, 3B, 3C and D are graphs showing re- 
10 lations'betyyeien the wavelength and tl^e putput level of 
the Raman amplified WDM signal light by the optical am- 
plifier of the present invention. Fig. 3A shows the relation 
between the wavelength and the output level before Ra- 
man amplification is performed, and the optical output 
^5 level of each signal light included in the WDM signal light 
is allowed to be unifonn when the optical amplifier does 
not have a function to perform Raman amplification. 
Figs. 38 and 3C show the output level of each signal 
light for the wavelength of the signal light when under- 
go gone the independent Raman amplification. It is under- 
stood that Fig. 38 shows the characteristic that declines 
in the right direction because the wavelength of the 
pumping light is set shorter than the center wavelength 
and Fig. 3C shows the opposite characteristic. Fig. 3D 
25 shows that characteristics of Figs. 3B and 3C are super- 
posed into the final relation between the wavelength of 
the signal light and the optical output level, and that the 
deviation in the optical output level are cancelled to be 
uniform. 

30 [0035] Next, description will be made for.a variation 
example of the optical amplifier of the present invention. 
[0036] Fig. 4 is a view showing the constitution of the 
first embodiment of the optical amplifier of the present 
invention, which shows the variation exampleof thecon- 

35 stitution shown in Fig. 1 . 

[0037] The optical amplifier of the present invention Is 
the one that allows the two pumping lights to be incident 
on the optical fibertransmission path for performing Ra- 
man amplification. The constitution for allowing the two 

"^0 pumping lights to be incident on the transmission path 
is not limited to the first embodiment shown in Fig. 1 . 
Instead of arranging the wavelength multiplexers 2 and 
3 midway of the optical fiber transmission path 1, as 
shown in Fig. 4, the pumping lights are previously mul- 

45 tiplexed by the wavelength multiplexer (optical multi- 
plexer) 2, and the multiplexed two pumping lights then 
may be allowed to be incident on the optical fiber trans- 
mission path 1 bythewavelength multiplexers arranged 
midway of the optical fiber transmission path 1 . This 

50 constitution is characterized in that a signal light loss is 
reduced owing to less number of the wavelength multi- 
plexers arranged in the optical fibertransmission path 1 . 
[0038] Instead of the optical multiplexer 2, polarized 
waves output from the pumping light sources 4 and 5 

55 are made to be in a perpendicular state with each other, 
and the both pumping lights may be multiplexed by a 
polarization multiplexer. Particulariy, this constitution is 
suitable for the case where the wavelengths of the both 
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pumping lights are adjacent to each other and multiplex- 
ing by the optical nnultiplexer is difficult. In the above- 
described embodiment, the pumping lights are allowed 
to be incident on the optical fiber transmission path in 
the direction opposite to that of the signal light as shown 
In Fig. 1 . However, the similar effect can be obtained if 
the pumping Lights are allowed to be incident on the 
transmission path in the forward direction, that is, toward 
the subsequent step. 

[0039] Next, when Raman amplification is perfomied 
by the two pumping lights as described above,' the 
pumping lights are required to be output in a single mode 
at specified wavelengths. Description will be made for 
the constitution for realizing such pumping light. 
[0040] Fig. 5 and Fig. 6 are views showing examples 
of the constitution of the pumping light source for Raman 
amplification. The constitution shown in Fig. 5 shows the 
one consisted of a laser diode 12 for oscillating the 
pumping light and a wavelength selective optical reflec- 
tor (for example, a fiber grating) 1 3 arranged in front of 
the laser diode 12. Herein, the fiber grating 13 has a 
characteristic that it selectively reflects the pumping 
light of the above-described specified wavelength by a 
specified ratio from a few % to about 10%. With such a 
constitution! only the specified wavelength becomes an 
oscillated state, thus the pumping light having a stable 
wavelength Is obtained. 

[0041] Fig. 6 Is an example where a bandpass optical 
filter 14, which selectively transmits only the light having 
the specified wavelength, is arranged instead of the fiber 
grating 13. According to this constitution, only light hav- 
ing only the specified wavelength Is output from the 
pumping light source as the pumping light. In either con- 
stitution, the wavelength of the pumping light output 
from the pumping light source can be variably control- 
led. For example, In the constitution where the fiber grat- 
ing 13 shown in Fig. 5 is used, the wavelength of the 
pumping light can be controlled by changing a period of 
the fiber grating 13. In the constitution where the optical 
filter 14 shown in Fig. 6 is used, the wavelength of the 
pumping light can be controlled by changing an angle 
of Incidence to a dielectric multilayer. 
[0042] Next, in the optical amplifier of the present in- 
vention, description will be made for the constitution 
where the optical amplification by Raman amplification 
and the normal optical amplification are used In combi- 
nation. Although the above-described optical amplifier 
of the present invention shows the optical amplification 
independently by Raman amplification function, the nor- 
mal optical amplification can be used in combination. 
[0043] Fig. 7 is a view showing the constitution of the 
second embodiment of the optical amplifier of the 
present invention. The fundamental constitution is the 
same as the one shown in Fig. 4. The optical amplifier 
comprises: a rare-earth element doped fiber (herein, the 
wavelength of the signal light is set at 1 550nm and the 
erbium doped fiber (EDF) is used) 6 In the previous step 
of the wavelength multiplexer 3; a pumping light source 



7 for outputting the pumping light to allow the amplifica- 
tion medium to be in the excited state; and an optical 
multiplexer 8, which is arranged in the previous step of 
the EDF S, for allowing the pumping light to be incident 

5 on the EDF 6 in the same direction as that of the signal 
light. Herein, an opticai isolator 1 0 Is arranged to prevent 
lights from being incident on the EDF 6. The lights to be 
prevented from incidence are: the reflected returning 
light of the WDM signal light, which is amplified and out- 

10 put, from the optical fiber transmission path 1 ; and the 
pumping lights (the lights from the riglit side in the draw- 
ing) for Raman amplification, which are sent out from 
the optical amplifier arranged In the subsequent step. 
[0044] The optical multiplexer 8 may be arranged not 

15 in the previous step of the EDF 6 but on an output side, 
making the excitation to be a backward excitation. How- 
ever to minimize the Influence to Raman amplification, 
a forward excitation type as shown in Fig. 7 is preferable. 
[0045] According to the embodiment, a higher gain 

20 can be obtained by combination of the optical amplifica- 
tion by Raman amplification and the normal amplifica- 
tion. Particularly, as shown in Fig. 7, in the constitution 
where the pumping light sources 4 and 5 for Raman am- 
plification are arranged in the subsequent step of the 

25 EDF 6, the EDF 6 is firstly excited by the pumping lights 
output from the pumping light sources . Since Raman 
amplification function occurs by the residual pumping 
light that passed the EDF 6, efficient optical amplifica- 
tion can be performed. Irrespective of an Arrangement 

30 state of the purhping light sources 4 and 5 for Raman 
amplification and the pumping light source 7 for the nor- 
mal optical amplification, the WDM signal light to be In- 
put to the EDF 6 is already Raman amplified in the op- 
tical fiber transmission path 1 in any arrangement state. 

35 Since flatness of the optical output level is maintained, 
difference of the output level does not increase when 
the normal optical amplification is performed. 
[0046] As described above, assuming that the center 
wavelength of the WDM signal light is 1550nm, when 

40 the peak gain by Raman amplification occurs at the 
wavelength shorter than that of the pumping light by 
90nm, the gain has its peak at the same wavelength as 
the center wavelength of the signal light, thatis 1550nm, 
in the case where the signal light is Raman amplified by 

45 the wavelength at 1440nm. Therefore, In the embodi- 
ment, the wavelengths of the pumping lights are set 
shorter and longer than 1460nm at approximately 
1450nm and 1470nm respectively. It is satisfactory that 
the wavelength output from the pumping Light source 7 

50 for performing the normal optical amplification is set at 
1480nm or 980nm. If the wavelength of the pumping 
light for Raman amplification Is close to 1 480nm, it con- 
tributes for the nomnal optical amplification function 
when the pumping light passes the EDF 6. 

55 [0047] Next, description will be made for the third em- 
bodiment of the optical amplifier of the present Inven- 
tion. 

[0048] Fig. 8 is a view showing the constitution of the 
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third embodiment of the optical amplifier of the present 
invention. The embodiment: is characterized in that uni- 
formity of the optical output level of each signal light is 
detected with regard to the Raman amplified WDM sig:. 
nal light, and the feedback control is performed for Ra- 
man amplification function. . 

[0049] As shown ip Fig. 8, the fundamental constitu- 
tion is the same as that of the variation example of the 
first embodiment shown in Fig. 4. In the embodinient, a 
part of the Raman amplified WDM signaj light is split by 
an optical splitter 1 5 arranged in the previous step of the 
wavelength multiplexer 3. Two signal lights having the . 
wavelengths different, from each other are further ex- 
tracted from the split WDM signal light, and are convert- 
ed into electric signal by optical receivers 19 and 20 re- 
spectively, and the optical output levels are detected. 
[0050] The optical output, levels of the both signal 
lights are input to a pumping light output control circuit 
21 to compute the difference, and the pumping light 
sources 4 and 5 are controlled according to the differ- 
ence, that is, the uniformity (gradient of the gain to the 
wavelength) . Since this control is the one to adjust the 
flatness of the gain in Raman amplification by each 
pumping light, the control Is achieved by adjusting the 
pumping light output itself or the wavelength. The pump- 
ing light output level Itself can be variably controlled by 
an injected current to the laser diode, and, as described 
above, the wavelength of the pumping light output can 
be variably controlled. 

[0051] Herein, although optional two signal lights in 
the signal lights included in the WDM signal light are ek- . 
tracted, the two signal lights having the wavelengths dif- 
ferent from each other as much as possible are prefer- 
ably extracted from the viewpoint of computing the uni- 
fomriity more accurately. In the embodiment, the split 
WDM signal light Is further split into two lights by an op- 
tical splitter 16, and the signal lights are extracted from 
optical filters 1 7 and 1 8, which selectively transmit only 
light having the wavelength to be extracted. Extraction 
of the signal light can be also perfomried by sweeping 
by using a wavelength variable optical filter 
[0052] Fig. 9 and Fig. 1 0 show the constitutions of the 
fourth and fifth embodiments of the optical amplifier of 
the present invention respectively. These embodiments 
are basically the ones that comprise the feedback con- 
trol function for the Raman amplified WDM signal light 
similarly to the third embodiment shown in Fig. 8. How- 
ever, the embodiments, similarly to the second embod- 
iment shown in Fig. 7, comprise the feedback control 
function in the constitution where the normal optical am- 
plification is used in combination with Raman amplifica- 
tion. In the fourth embodiment shown In Fig. 9, the flat- 
ness of the WDM signal light, which is amplified only by 
Raman amplification, is detected to perfonn the feed- 
back control. On the other hand, difference can be seen 
in the fifth embodiment shown in Fig. 10, where the feed- 
back control is performed for the WDM signal light on 
which the nonnal optical amplification was performed in 



addition to Raman amplification. 

[d053] Next, description will be made for the embod- 
. iments of the present invention with regard to the optical 
ariiplification repeater, which is arranged midway of 

5, each of the upper and lower lines, having a function to 
perform o'ptical.repeating and amplification on the signal 
light transnriitting along each line. 
■ [0054] Fig. 11 shows the constitution of the first em- 
bodiment of the optical amplification repeater of the 

io. present invention. As the constitution for performing the 
' optical giniplification by Raman amplification on the both 
signal .lights propagating in the upper and lower lines, a 
constitution is considered that the optical amplifiers of 
the present invention are simply provided in both of the 

15 upper and lower lines. Herein, for establishing the more 
efficient constitution, the optical amplification repeater 
is characterized in that the two pumping light sources 4 
and 5 for Raman amplification use are commonly used 
by the upper and lower lines as shown in Fig. 1 1 . Pump- 

20 ing lights X 1 and X 2 respectively output from the pump- 
ing light sources 4 and 5 are temporarily coupled in an 
opticar splitting coupler 9. The coupled pumping lights 
are directly split into two lights to be output to wave- 
length multiplexers 3a and 3b arranged for. the upper 

25 and lower lines, from which the pumping lights are sent 
out to the optical fiber transmission path 1 (broken lines 
in the drawing). 

[0055] As the optical splitting couplers" optical multi- 
plexers, optical demultiplexers, wavelength multiplex- 
30 ers and the like used in the present invention, ones using 
the dielectric multilayer, fusion type couplers or the like 
can be applied. 

[0058] Fig. 12 and Fig. 13 respectively show the con- 
stitutions of the second and third embodiments of the 

35 optical amplification repeater of the present invention. 
In the embodiments, similarly to the second embodi- 
ment of the optical amplifier of the present invention 
shown in Fig. 7, the pumping light sources for the normal 
optical amplification are used in combination with the 

40 ones for Raman amplification. In the second embodi- 
ment shown in Fig. 12, pumping light sources 7a and 7b 
for performing the normal optical amplification are sep- 
arately provided in the upper and lower lines . On the 
other hand, In the third embodiment shown in Fig, 13, 

45 the pumping light sources are commonly used by the 
upper and tower lines, and the pumping tights are cou- 
pled and split by an optical splitting coupler 1 1 that func- 
tions similarly to the optical splitting coupler 9, which 
was descnbed in the first embodiment of the optical am- 

50 plification repeater of the present Invention in Fig. 11 . 
Thus, it is possible to allow the pumping light sources to 
have redundancy, and a more reliable optical amplifica- 
tion repeater can be constituted. With regard to the 
pumping lights for perfomiing the nonnal optical ampli- 

55 fication, their routes are shown in chain lines In the draw- 
ing. 

[0057] Next, description will be made for the WDM 
signal light transmission apparatus using the optical am- 



BNSDOCID: <EP 1143645A2J_> 



15 



EP1 143 645 A2 



16 



plifier or the optical amplification repeater of the present 

invention. 

[0058] Fig. 14 shows the constitution of the first em- 
bodiment of the WDM signal light transmission appara- 
tus of the present invention, which is the signal light s 
transmission apparatus for performing a light transmis- > 
slon in one direction: Fig. 15 shows the constitution of 
the second embodiment of the WDM signal light trans- 
mission apparatus of .the present Invention, which per-." 
forms the light transmission In both directions. lo- 
[0059] Referring to Fig. 14. the' WDM signal light 
transmission apparatus of the embodiment comprises: 
an optical transmission terminal station 22 for sending 
out the WDM signal light, in vyhich a plurality of signal 
lights having the wavelengths different from each other ^5 
are wavelength multiplexed; an optical fiber transmis- 
sion path 29 (29a, 29b, 29c) for propagating the WDM 
signal light; an optical receiving terminal station 23 for 
receiving the WDM signal light; and optical amplifiers 24 
(24a, 24b) an^anged midway of the optical transmission so 
path to repeat and amplify the WDM signal light. As the 
optical amplifiers 24 (24a, 24b), any one of the above- 
described embodiments of the present invention can be 
applied. 

[0060] The optical transmission terminal station 22, 25 
for example, as shown in Fig. 14, can be constituted of 
optical transmitters 25 for sending out the signal lights 
having each wavelength (channel) and an optical mul- 
tiplexer 26 for sending out the signal lights to the optical 
fiber transmission path 29a after wavelength multiplex- 30 
ing. On the other hand, optical receiving temnlnai station • 
23 comprises: an optical demultiplexer 27 for demulti- 
plexing the WDM signal light sent out from the optical 
fiber transmission path 29c; and optical receivers 28 for 
receiving the demultiplexed signal lights respectively. 35 
[0061] In the embodiment, the two optical amplifiers 
24a and 24b are arranged in the optical fiber transmis- 
sion path 29 as an example. With regard to the optical 
amplifier 24a, the pumping light for Raman amplification 
is sent out to the optical fiber transmission path 29a ^^o 
where the WDM signal light is Raman amplified, and in- 
put to the optical amplifier 24a. For the optical amplifier 
24b, the pumping light is sent out to the optical fiber 
transmission path 29b where Raman amplification is 
perfomned. 45 
[0062] The second embodiment of the WDM signal 
light transmission apparatus of the present invention 
shown in Fig. 16 shows the WDM signal light transmis- 
sion apparatus that comprises the upper and lower 
lines, and transmits the WDM signal lights in both direc- so 
tions. Similarly to the first embodiment shown in Fig. 14, 
the WDM signal light transmission apparatus of the em- 
bodiment comprises: an optical transmission terminal 
station 22a for sending out the down WDM signal light, 
in which a plurality of down signal lights having the 55 
wavelengths different from each other are wavelength 
multiplexed; the optical fiber transmission path 29 (29a, 
29b, 29c) for propagating the down WDM signal light; 



an optical receiving terminal station 23a for the down 
signal light for receiving the down WDM signal light; an 
.optical transmission terminal station 22b for siending out 
the up WDM signal light, in which a plurality of up signal 
lights having the wavelengths different from each other 
are wavelength multiplexed; an optical fiber transmis- 
sion* path 30 (30a, 30b, 30c) for the up signal light for 
propagating the up WDM signal light; an optical receiv- 
ing terminal station 23b for the up signal light for receiv- 
ing the up:WDIV) signal light; and the optical amplifiers 
24.(24a; 24b) of the present invention. The optical am- 
plifiers 24 (24a, 24b), which are arranged in the midway 
of the upper and lower optical fiber transmission paths, 
repeat and amplify the up and down WDM signal lights 
respectively. As the optical amplifiers 24 (24a, 24b), any 
one of the abdve-described embodiments of the present 
invention can be applied. 

[0063] As' described above, the optical amplifier of the 
present invention comprises: the two (first and second) 
pumping light sources for Raman amplification for out- 
putting the first and second pumping lights; the wave- 
length multiplexer for Raman amplification for allowing 
the first and second pumping lights to be incident on the 
optical fiber transmission paths, where the WDM signal 
light propagates, in the direction opposite to the propa- 
gation direction of the signal light. The signal lights are 
Raman amplified by the both pumping lights. In this 
case, the wavelength of the first pumping light is set 
such that the gain of the Raman amplified signal light 
declines in the right direction, and, on the other side, the 
wavelength' of the second pumping light is set such that 
the gain declines in the left direction. 
[0064] Therefore, the gain characteristic has higher 
unifonnity in comparison with the one obtained when the 
signal light is Raman-amplified by independent pumping 
light. Also, when the WDM signal light is amplified In op- 
tical amplification utilizing a Raman amplification func- 
tion, the uniformity of the gain (optical output level) is 
maintained. Accordingly, the wavelength characteristic 
of the WDM signal light to be input to the optical amplifier 
can be controlled not to change by Raman amplification 
or to be in a state of a fixed-wavelength characteristic 
always. Although the wavelength characteristic of Ra- 
man amplification depends on the wavelength of the 
pumping light, fixing the wavelength of the pumping light 
by the wavelength -selective optical reflector enables 
more stable optical amplification by Raman amplifica- 
tion. 

[0065] While this invention has been described in con- 
nection with certain preferred embodiments, it is to be 
understood that the subject-matter encompassed by 
way of this invention is not to be limited to those specific 
embodiments. On .the contrary, It is intended for the 
subject-matter of the invention to include all alterna- 
tives, modifications and equivalents as can be included 
within the scope of the following claims. 
[0066] Each feature disclosed in this specification 
(which term includes the claims) and/or shown in the 
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drawings may be incorporated in the invention inde- 
pendently of other disclosed and/or illustrated features. 
[0067] The text of the abstract filed herewith is repeat- 
ed here as part of the specification. 
[0068] Flatness of a gain (optical output level) is main- 
tained even when wavelength-division-muitiplexed sig- 
nal light (WDM signal light) is optically amplified utilizing 
a Raman amplification function. The optical amplifier 
•comprises: two (first and second) pumping light soruces 
for Raman amplification for outputting first and second 
pumping lights; waveilength multiplexers for Raman am- • 
plification for allowing the first and second pumping 
lights to be incident on optical fiber transmission paths, 
where the WDM signal light propagates, in the direction 
opposite to the propagation direction of the signal light. 
The signal lights are Raman-amplified by the pumping 
lights. A wavelength of the first pumping light is set such 
that the gain of the Raman-amplified signal light de- 
clines in one direction, and, on the other side, the wave- 
length of the second pumping light is set such that the 
gain declines in the other direction. Gradients for show- 
ing a relation between the wavelength and the gain in 
Raman amplification by the first and second pumping 
lights are made to be in opposite directions from each 
other. Optical output levels and the wavelengths of the 
first and second pumping lights are set such that the 
gains for the signal lights included in the Raman-ampli- 
fied WDM signal light become substantially equal to one 
another. 

Claims 

1 . An optical amplifier, comprising: 

a first pumping light source for Raman amplifi- 
cation, which outputs a first pumping light hav- 
ing a first wavelength; 

a second pumping light source for Raman am- 
plification, which outputs a second pumping 
light having a second wavelength; and, 
wavelength-multiplexer means for Raman am- 
plification, which allows said first and second 
pumping lights to be incident on an optical fiber 
transmission path where a signal light propa- 
gates; 

wherein said signal light is Raman-amplified in 
said optical fiber transmission path by said first 
and second pumping lights. 

2. The optical amplifier according to claim 1 , 

wherein said wavelength-multiplexer means 
for Raman amplification allows said first and second 
pumping lights to be incident on said optical fiber 
transmission path in an opposite direction to a prop- 
agation direction of said signal light. 

3. The optical amplifier according to claim 1 , 



wherein said wavelength-multiplexer means 
for Rarnan amplification allows said first and second 
pumping lights to be incident on said optical fiber 
transmission path in the same direction as the prop- 
5 agation direction of said signal * . 

4. The optical amplifier according to claim 1 , 

' wherein said signal light is a wavelength-divi- 
sion-multipiexed signal light (a WDM signal light), 
10,' in which signal light having a plurality of wave- 
lengths, different from each othlsr are wavelength- 
d Ivis lo nrmu I tiplexed . 

5. The.optical amplifier according to claim 4. 

15 

wherein said first wavelength is a wavelength 
allowing said signal light to be Raman-amplified 
such that the wavelength having a peak gain by 
. Raman amplification becomes shorter than the 
20 wavelength of the signal light included in said 

WDM signal light; and, 

said second wavelength is a wavelength allow- 
ing said signal light to be Ramanramplified such 
that the wavelength having the peak gain by 
25 ' Raman amplification becomes longer than the 

wavelength of the signal light included in said 
WDM signal light. 

6. The optical amplifier according to claim 5; 

30 - . ' 

wherein a gradient showing a relation between 
the wavelength and the gain in Raman amplifi- 
cation by said first pumping light and a gradient 
showing the relation between the wavelength 
35 and the gain in Raman amplification by said 

second pumping light are in opposite directions 
from each other; and, 

an optical output level and the wavelength of 
said first and second pumping lights are re- 
^0 spectlvely set such that the gains for signal 

lights included in said WDM signal light, on 
which Raman amplification was performed by 
said first and second pumping lights, become 
substantially equal to each other. 

45 

7. The optical amplifier according to claim 4, 

wherein said first pumping light source for Ra- 
man amplification comprises: 

50 

a first laser diode for oscillating a first light; 
and, 

a first wavelength-selective optical reflec- 
tor for transmitting said first-wavelength 
55 light in a specified ratio and reflecting a re- 

sidual light previously created by said first 
laser diode; and. 
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said second pumping light source for Raman 
amplification comprises: 

a second laser diode for oscillating a sec- 
ond light; and, 5 
a second wavelength -selective optical re- 
flector for transmitting said second-wave- 
length light in a specified ratio arid reflect- 
ing a residual light previously created by 
' said second laser diode. io 

8. The optical* amplifier according to claim 4, 

wherein said first pumping light source for Ra- 
man amplification comprises: is 

a first laser diode for oscillating a first light; 
and, 

a first optical filter for selectively transmit- 
ting said first-wavelength light previously 
created by said first laser diode; and, 

said second pumping light source for Raman 
amplification comprises: 

25 

a second laser diode for oscillating a sec- 
ond light; and, 
' a second optical filter for selectively trans- 
mitting said light of a second- wavelength 
light previously created by said second la- 30 
ser diode. 

9. The optical amplifier according to claim 4, 

wherein said wavelength multiplexer for Ra- 
man amplification comprises: 3s 

a first pumping-light multiplexer for Raman am- 
plification, which transmits said signal light and 
allows said first pumping light to be incident on 
. an optical fiber, the multiplexer being connect- 
able to said optical fiber connectable to said op- 
tical fiber transmission path; and, 
a second pumping-light multiplexer for Raman 
amplification, which transmits said signal light 
and allows said second pumping light to be in- 
cident on the optical fiber, the multiplexer being 
connectable to said optical fiber connectable to 
said optical fiber transmission path. 

10. The optical amplifier according to claim 4, so 

wherein said wavelength multiplexer for Ra- 
man amplification comprises: 

a pumping-light multiplexer for Raman amplifi- 
cation, which multiplexes said first and second ss 
pumping lights and outputs a multiplexed 
pumping light; and, 

a pumping-light multiplexer for Raman amplifi- 



cation, which transmits said signal light and al- 
lows said multiplexed pumping light to be inci- 
dent on an optical fiber, the multiplexer being 
connectable to said optical fiber connectable to 
said optical fiber transmission path. 

11. The optical amplifier according to claim 4, 

wherein said wavelength multiplexer for R&- 
man .amplification comprises: 

a polarization combiner foP Rarnan amplifica- 
tion for performing a polarization combination 
ori said first and second pumping lights and out- 
puts the multiplexed pumping light, where said 
first and second pumping lights respectively 
output from said first and second pumping-light 
sources for Raman amplification are perpen- 
dicular to each other, that is, in a polarization 
state; and, 

a pumping-light multiplexer for Raman amplifi- 
cation, which transmits said signal light and al- 
lows said multiplexed pumping light to be inci- 
dent on an optical fiber, and multiplexer being 
connectable to said optical fiber connectable to 
' said optical fiber transmission path. 

12. The optical amplifier according to claim 4, further 

comprising: • 

an amplification medium for amplifying said sig- 
nal light; 

a third pumping light source for oiitputting a 
third pumping light to allow said amplification 
medium to be in an excited state; and, 
a wavelength multiplexer for allowing said third 
pumping light to be incident on said amplifica- 
tion medium. 

13. The optical amplifier according to claim 12, 

wherein said wavelength multiplexer is ar- 
ranged on a side from which the signal light is 
input with respect to said amplification medium; 
and, 

said third pumping light is allowed to be incident 
on the amplification medium in the same direc- 
tion as the propagation direction of said signal 
light. 

14. The optical amplifier according to claim 12, 

wherein said wavelength multiplexer is ar- 
ranged on a side to which the signal light is out- 
put from said amplification medium; and, 
said third pumping light is allowed to be incident 
on the amplification medium in an opposite di- 
rection to the propagation direction of said sig- 
nal light. 
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15. The optical amplifier according to claim 4, further 
comprising: 

an optical isolator for selectively transmitting 
only light propagating to the same direction as said 
signal light and obstructing light propagating in the 
opposite direction, the optical isolator being ar- < 
ranged on a side of said wavelength multiplexer to 
which said signal light for Raman amplification is 
output. \ • 

16. The optical amplifier according to claim 4 or 12, fur- 
ther comprising: 

an optical spliter for splitting a part of said WDM 
signal light and outputting a split WDM signal 
light; 

signal-light extracting means for extracting two 
signal lights, which have wavelengths different 
from each other, from each signal light included ' 
in said split WDM signal light; 
an optical receiver for detecting the optica) out- 
put level of each of the two signal lights extract- 
ed by said signal-light extracting means; and, 
a pumping-light output-control circuit for con- 
trolling any one of the optical output levels and 
the wavelengths of said first and second pump- 
ing lights for Raman amplification according to 
an amount of difference between said two op- 
tical output levels, 

17. The optical amplifier according to claim 16, 

wherein said optical splitter is arranged on a 
side from which said WDM signal light is input to 
said wavelength multiplexer for Raman amplifica- 
tion. 

18. The optical amplifier according to claim 16, 

wherein said optical splitter is arranged on a 
side to which said WDM signal light is output from 
said wavelength multiplexer for Raman amplifica- 
tion. 



an optical amplifier for a down signal, which |s 
arranged in an optical fiber transmission |3ath 
for the down signal and, 
an optical amplifier for an up signal, which is 
arranged in an optical fiber transmission path 
for the. up signal;. 

wherein said optical amplifier for the down sig- 
nal includes the optical amplifier according to 
• claim 12; and, 

■\ said optical amplifier for the up signal includes 
. , ' the optical amplifier according to claim 12. 

21. The optical amplification repeater according to 
claim 19 or 20, 

. wherein said first pumping light source for Ra- 
man amplification, which is provided in said op- 
tical amplifier for the down signal, and said first 
pumping light source for Raman amplification, 
which is provided in the optical amplifier for the 
up signal, are a commmon first pumping light 
source for Raman amplification; and, 
said second pumping light source for Raman 
amplification, which is provided in said optical 
amplifier for the down signal, and said second 
pumping light source for Raman amplification, 
which is provided in said optical amplifier for the 
up signal, are a common second pumping light 
source for Raman amplification, 
the optical amplification repeater comprising: 

an optical coupler for coupling and split- 
ting first and second pumping lights for Raman 
amplification output from said common first and 
said common second pumping light sources for 
Raman amplification and respectively output- 
ting the slit pumping lights to said wavelength 
multiplexer for Raman amplification, which is 
provided in said optical amplifier for the down 
signal, and said wavelength multiplexer for Ra- 
man amplification, which is provided in said op- 
tical amplifier for the up signal. 
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19. An optical amplification repeater, comprising: 

an optical amplifier for a down signal, which is 
arranged in an optical fiber transmission path 
for the down signal; and, 
an optical amplifier for an up signal, which is 
arranged In an optical fiber transmission path 
for the up signal; 

wherein said optical amplifier for the down sig- 
nal includes the optical amplifier according to 
any one of claims 4 to 11; and, 
said optical amplifier for the up signal includes 
the optical amplifier according to any one of 
claims 4 to 1 1 . 

20. An optical amplification repeater, comprising: 



22. The optical amplification repeater according to 
claim 21 , 

45 

wherein said third pumping light source provid- 
ed in said optical amplifier for the down signal 
and said third pumping light source provided in 
said optical amplifier for the up signal are a 
common third pumping light source; 
the optical amplification repeater comprising: 

the optical coupler for coupling and split- 
ting the third pumping lights output from said 
third common pumping light source and re- 
55 spectlvely outputting the split pumping lights to 

said wavelength multiplexer provided in said 
optical amplifier for the down signal and said 
wavelength multiplexer provided in said optical 
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amplifier for the up signal. 

23. The optical amplification repeater according to 
claim 21 , ■ . 

wherein said optica) annpltf ier for the down sig- '' 
nal and said optical amplifier for the up signal 
further comprises respectively fourth pumping 
light sources,,. each of which, outputs a fourth, 
pumping light to make said amplification rriedi- io 
um in an excited state; 

said third purhping light source provided in said 
optical amplifier for the down signal and said 
third pumping light source provided in said op- 
tical aniplifier for the up signal are a common 
third pumping light source; and, 
said fourth pumping light source provided in 
said optical amplifier for the down signal and 
said fourth pumping light source provided in 
said optical amplifier for the up signal are a 
common fourth pumping light source; 
the optical amplification repeater comprising: 

the optical coupler for coupling and split- 
ting the third pumping light output from said 
third common pumping light source and the 25 
fourth pumping light output from said common 
fourth pumping light source and respectively 
outputting the split pumping lights to said wave- 
length multiplexer provided In said optical am- 
plifier for the down signal and said wavelength 30 
multiplexer provided in said optical amplifierfor -* 
the up signal. 

24. A transmission apparatus of wavelength-division- 
multiplexed signal light, comprising: 35 

an optical transmission terminal station for 
wavelength-division-multiplexing a plurality of 
signal lights having the wavelengths different 
from each other and for sending out a wave- 40 
length division multiplexed signal light (a WDM 
signal light) ; 

an optical fiber transmission path for propagat- 
ing said WDM signal light; 

an optical receiving tenminal station for recelv- 45 
ing said WDM signal light; and, 
the optical amplifier according to claim 4, which 
is arranged in the midway of said optical fiber 
transmission path to repeat and amplify said 
WDM signal light. so 

25. A transmission apparatus of wavelength-division- 
multiplexed signal light, comprising: 

an optical transmission terminal station for ss 
wavelength-division-multiplexing a plurality of 
down signal lights having the wavelengths dif- 
ferent from each other and for sending out a 



down wavelength-division-multiplexed signaf 
light (a WDM signal light) ; 
an optical fiber transmission path for the down 
signal Nght for propagating said down WDM sig- 

* nal light; 

an optical fiber transmission path for the down 
signal light for propagating said down WDM sig- 
nallight; 

ah optical receiving terminal station for the 
down signal light for receiving said down WDM 
signal light; . 

an optical transmission t^nninal station for 
wavelength-division-multiplexing a plurality of 
up signal lights having the wavelengths differ- 
ent from each other and for sending out an up 
WDM signal light; 

an optical fiber transmission path for the up sig- 
nal light for propagating said up WDM signal 

* light; 

an optical receiving terminal station for the up 
signal light for receiving said up WDM signal 
light; and, 

the optical amplifiers according to claim 12, 
which are arranged midway of said up and 

* down optical fiber transmission paths to repeat 
and amplify said up and down WDM signal 
tights. 
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that the gain of the Ram an -amplified signal light de- 
clines in one direction, and, on the other side, the wave- 
length of the second pumping light is set such that the 
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ing a relation between the wavelength and the gain in 
Raman amplification by the first and second pumping 
lights are made to be in opposite directions from each 
other. Optical output levels and the wavelengths of the 
first and second pumping lights are set such that the 
gains for the signal lights included in the Raman-ampli- 
fied WDM signal light become substantially equal to one 
another. 
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